Improved survival of segmental pancreatic homografts has been obtained in animals using cyclosporine alone for immunosuppression [1, 2] . Despite this, the results in clinical trials of pancreas transplantation have remained poor, in part because effective ways of draining or eliminating the exocrine drainage of the segmental grafts have not been developed [3] . Herein we report our experience in dogs with the alternative procedure of total pancreaticoduodenal homotransplantation using cyclosporine combined with small doses of steroids.
Material and Methods
Twenty mongrel dogs of both sexes weighing between 15 and 25 kg were used as donors or recipients in 10 experiments. The homografts were removed from the donor through a midline incision. The transplant specimen was prepared, preserving the splenic vessels out to their entry into the spleen at the site of splenectomy and retaining the hepatic artery throughout its course, including its termination as the gastroduodenal artery (Figure 1, top) . The splenic, superior mesenteric, and portal veins were retained with the specimen which included both lobes of the pancreas as well as the duodenum. The composite organ graft was flushed through the celiac axis with chilled, modified Collin's solution (TravenoI) and preserved for 2 to 3 hours.
The organ complex was revascularized in the left iliac fossa with end-to-side anastomoses of the donor celiac axis and portal vein, to the recipient iliac vessels (Figure 1 above). The proximal duodenum of the graft was closed' and the distal end was anastomosed end-to-side to th~ proxim~ .recipient jejunum. Either then or a few days later, the reCIpIent dog underwent total pancreaticoduodenectomy, Gastrointestinal reconstruction was performed with c~lOlecystojejunostomy and gastrojejunostomy (Figure 1 , rIght).
All d?~s were given intravenous fluids, penicillin, and gentamicIn for 5 days postoperatively. The animals were allowed to drink water ad libitum after the second postope~ative day and to eat solid food after the fifth postoperative day. Immunosuppression consisted of cyclosporine at an oral d?se of 17 mg/~g per day beginning on the day after operatIon, and predmsone, 0.5 mg/kg per day. Fasting glucose concentrations in the venous plasma were measured daily during the first postoperative week and 3 times a week thereafter. Intravenous glucose tolerance tests were performed in two dogs who survived more than 60 days. The homografts were sampled at the time of sacrifice or at autopsy. The formalin-fixed tissues were stained with hematoxylin-eosin and examined by light microscopy.
Results
The mean survival of the 10 recipients was 50.6 days. The dogs were normoglycemic for 10 to 210 days, with a mean of 41.8 days (Table I ). The postoperative blood glucose levels were within normal limits during most or all of the postoperative course of all 10 dogs. Hyperglycemia developed as a terminal event in most of the animals, including three whose grafts were rejected. The intravenous glucose tolerance test in the two dogs that survived for more than 60 days showed a rapid recovery from the glucose load ( Figure 2 ).
Graft venous thrombosis, wound dehiscence, and acute pancreatitis with intestinal intussusception each caused one death. These were considered to be technical complications. Four dogs died between 16 and 210 days as the result of marginal ulcer perforation (two dogs) and hemorrhage (two dogs) at the site of the gastrojejunostomy. Three of the 10 deaths were attributed to rejection and subsequent diabetes, perforation, or both of the grafted duodenum (Table   I ).
Three of the 10 grafts were necrotic at the time of autopsy and were presumed to have been rejected; the duodenum had perforated in two of the three. A fourth graft was so severely autolyzed from pancreatitis that histopathologic analysis of the pancreas was not possible (Table II) . A fifth graft had a thrombosed venous anastomosis with predominant 
Comments
In the first attempts at whole pancreatic homotransplantation in dogs, the pancreas was part of a multiple gastrointestinal graft [4] . Five of the untreated canine recipients lived for 5.5 to 9 days, and during this time the blood sugar levels were nearly normal despite the fact that pancreatitis developed in four of the five pancreases [4] . Pancreaticoduodenal transplantation was first described by De Jode and Howard [5] , and in 1967 and 1968 Lillehei et al [6, 7] described a technique of pancreaticoduodenal transplantation which differed in only minor details from the technique described herein. Under immunosuppression with azathioprine and prednisone, one of the pancreaticoduodenal grafts functioned for several months [7] .
The unique value of the composite graft technique is that the duodenal component of the organ complex can be used to drain the exocrine pancreatic excretions into the recipient gastrointestinal tract without jeopardizing the pancreatic duct system [8] . Unfortunately, it has not been possible to exploit this advantage using conventional immunosuppression with azathioprine and prednisone because of the inability to consistently control rejection of the duodenum. Complications of duodenal rejection have included ulceration and perforation and have been so lethal that after 1970, Lillehei et al [9] abandoned the pancreatic graft in favor of the segmental pancreatic transplant [3] . Acceptance of this position has been so general that no clinical pancreaticoduodenal transplantations have been recorded for anum ber of years [3] .
With the improved immunosuppression that can be offered with cyclosporine and steroids, it may be appropriate to reassess the pancreaticoduodenal procedure. In the present study, the most important cause of death was peptic ulceration of the upper gastrointestinal tract in the recipient dog, a complication not of the graft but of the pancreaticoduodenal resection used to make the recipient animal diabetic. In the four dogs that died from this complication and in the dogs that died from dehiscence or graft venous throm bosis, the preservation of the grafted duodenum was surprisingly good. The duodenal component of two necrotic grafts developed perforations, but the complications were late and were related to necrosis of the entire transplant. In a clinical setting there would have been ample time to reoperate and remove the graft.
Summary
Pancreaticoduodenal transplantation was performed with cyclosporine and steroid immunosuppressive therapy in 10 mongrel dogs that had pancreaticoduodenectomy. There was an average animal survival of 50.6 days and an average duration of normoglycemia of 41.8 days. We suggest that pancreaticoduodenal transplantation, which was abandoned as a clinical procedure 10 years ago, be reconsidered for clinical application.
